


























impact	on	nanoparticles’	properties	and	behavior	 in	the	biological	environment	due	to	their	ultrahigh	surface	area	and	shape	factors	such	as	extreme	sharp	edges,	which	have	 led	to	the	 intrinsic	 toxicity	of	such
materials	[22–24].	The	nanoscale	dimension	renders	the	chemical/physical	properties	of	the	particles	in	a	way	that	toxicological	behavior	of	nanoparticles	cannot	be	extrapolated	from	information	and	available	data	of
larger	particles	of	the	same	composition	[24,25].
One	 may	 say	 that	 in	 polymeric	 nanocomposites,	 nanoparticles	 are	 fundamentally	 bound	 up	 in	 the	 structure	 of	 polymeric	 nanocomposites,	 but	 there	 is	 the	 potential	 for	 exposure	 to	 nanoparticles	 and
























































member	of	 the	graphene	 family	has	unique	behavior	and	sometimes	diverse	properties	compared	with	others.	Graphene	 family	products	are	growing	at	a	 rapid	rate	and	 they	are	commercialized	 in	various	applications	 [53].	This
increases	 the	 graphene	 production	 rate	 and	 consequently	 their	 release	 to	 the	 environment.	 The	 graphene/polymer	 nanocomposites	 may	 release	 graphene	 during	 manufacturing,	 degradation	 of	 the	 polymeric	 matrix,	 or	 direct






nanomaterials	 such	 as	 carbon	 black,	 which	 restricts	 their	 antimicrobial	 activities	 through	 the	mentioned	mechanism.	 In	 addition,	 GO	 shows	 higher	 cytotoxicity	 compared	with	 rGO;	 this	 is	 because	 of	 its	 higher	 dispersibility	 in
aqueous	media,	and	presence	of	active	surface	functional	groups,	which	promote	the	possibility	of	direct	contact	with	cells	and	inducing	higher	intracellular	oxidative	stress	[49].	Contrarily,	some	studies	showed	higher	toxicity	of	rGO
is	correlated	with	its	thinner	structure	in	the	absence	of	oxygen	functional	groups	(0.34	nm)	compared	with	that	of	GO	(1	nm),	which	creates	sharper	edges	to	damage	the	cell	membrane	easily	[58,59].	Furthermore,	it	is	observed	that









creates	defect	sites	on	 the	structure	promoting	 the	biodegradation	of	graphene.	However,	excessive	 functionalization	with	 larger	 functional	groups	may	prevent	 their	biodegradation	 [72,73].	Nevertheless,	 the	number	of	effective
enzymes	to	be	used	in
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Clays	 are	 abundant,	 highly	 stable,	 inexpensive,	 and	 believed	 to	 be	 an	 environmentally	 friendly	 nanoadditive	 [73].	Montmorillonite	 is	 a	 natural	 clay	 and	 the	most	 frequently	 used	 nanoclay	 in	 the	 preparation	 of	 polymer






















in	many	 technical	 and	also	medical	 applications	 [94].	 These	unique	properties	 can	be	 tailored	by	 controlling	 these	metal	 nanoparticles’	 size,	 shape,	 and	preparation	methods.	Metal	 nanoparticle-based	polymeric	 nanocomposites
provide	enhanced	performance	and	multifunctionalities	as	well	as	promising	potential	applications	in	electronics,	optics,	environmental,	and	biotechnological	applications,	which	may	not	be	possible	with	larger	metal	particles.	Metal
nanoparticles	can	be	categorized	into	metals,	metal	oxides,	and	other	metal-containing	nanoparticles	[95,96].	The	wide	range	of	application	of	metallic	nanoparticles	and	high	volume	production	connect	this	class	of	materials	with
some	environmental	effects	uncertainties	and	serious	 risks.	These	materials	can	enter	 living	organisms	 including	 the	human	body	 through	active	or	passive	pathways	and	have	 the	high	potential	 to	create	unrecoverable	damage
because	of	their	activated	toxicity	due	to	their	intrinsic	properties	and	also	their	nanoscale	size	[97].	In	this	part,	the
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environmental	 effects	 of	 selected	metal	 nanoparticles,	 which	 are	 used	 intensively	 in	 polymer	 nanocomposite	 productions	 such	 as	 titanium	 dioxide	 (TiO2),	 zinc	 oxide	 (ZnO),	 and	 silver	 (Ag)	 nanoparticles,	 are	 discussed	 in	 detail
including	the	effective	parameters	and	corresponding	mechanisms	in	their	toxicity.
TiO2	 is	a	naturally	occurring	mineral	 that	can	be	categorized	 into	anatase,	 rutile,	or	brookite	 types	based	on	 its	crystal	 structure	 [98].	TiO2	nanoparticles	have	one	of	 the	highest	production	 rates	worldwide	among	other
nanoparticles	[99].	TiO2	 is	an	effective	reinforcing	agent	for	several	polymeric	matrices	and	it	also	provides	polymeric	materials	with	several	unique	properties.	TiO2	nanoparticle	 is	a	 large	band	gap	semiconductor,	which	gives	 it
exceptional	electronic,	optical,	thermal,	and	photocatalytic	properties.	These	unique	functionalities	of	TiO2	nanoparticles	are	of	interest	for	the	development	of	several	functional	polymeric	nanocomposites	[100–102].	TiO2	nanoparticles
show	both	beneficial	and	toxic	effects	on	nature	depending	on	their	intrinsic	properties	and	also	the	environmental	factors	[103].	TiO2	have	been	accepted	as	safe	materials	and	their	cytotoxicity	is	often	neglected	whereas	there	are
reports	 on	 their	 toxicity	 through	generation	 of	 reactive	 oxygen	 species,	 increased	 cell	 adhesion,	 and	alteration	on	 carbohydrate	metabolism	 [104–106].	Furthermore,	TiO2	 nanoparticles	 have	 genotoxicity	 properties	 and	 they	 can
interact	with	DNA	of	cells	[107].	However,	there	are	several	conflicting	results	on	toxicities	of	TiO2	nanoparticles,	some	claiming	no	toxicity	effect	and	some	high	toxic	effect	of	these	particles	in	the	living	organs.	These	conflicts	stem













show	 that	 oral	 exposure	 to	TiO2	 nanoparticles	 induces	 hepatic	 histopathologic	 damage,	with	 alterations	 in	 serum	 lactate	 dehydrogenase	 and	 alpha-hydroxybutyrate	 dehydrogenase	 levels	 indicating	myocardial	 damage	 as	well	 as
neurotoxicity	and	brain	damage	[116,117].	The	high	amount	of	application	for	TiO2	nanoparticles	in	cosmetic	products	makes	dermal	exposure	an	important	issue.	However,	there	are	conflicting	findings	in	the	literature	in	which	some









peroxidation,	 cytotoxicity,	 genotoxicity,	 and	 chromosomal	 breakage	 forms	 of	 toxicities	 [132–137].	 The	 toxicity	 of	 ZnO	 nanoparticles	 can	 be	 influenced	 by	 ZnO	 nanoparticle	 surface	 composition,	 size,	 and	 shape	 [133,138,139].	 It






modify	 the	 toxicity	 of	ZnO	nanoparticles	 to	have	 specific	 cellular	 interactions	with	 the	biological	molecules	 and	preserve	 their	 functional	 properties,	which	will	 open	up	 several	 novel	 applications	 for	 this	 group	of	 nanomaterials
[142–146].	In	this	regard,	Ramasamy	et	al.	[147]	fabricated	SiO2-coated	ZnO	nanoparticles	in	which	coated	ZnO	nanoparticles	exhibit	less	cytotoxicity	compared	with	uncoated	ZnO	nanoparticles.	The	mentioned	work	correlates	that
the	decreases	 in	cytotoxicity	with	 fewer	 surface	 interactions	of	ZnO	nanoparticles	with	cells	after	coating	by	SiO2,	 decreased	 in	 the	 release	 rate	of	 zinc	 ion,	and	changes	on	 the	hydrophilicity	of	 the	 surface	after	 coating	of	ZnO
nanoparticles	[147].	In	another	study,	Hsiao	et	al.	 [148]	reduced	the	cytotoxicity	of	ZnO	nanoparticles	by	coating	them	with	a	TiO2	 layer	applying	a	sol−gel	method	and	they	observed	moderate	toxicity	on	the	ZnO/TiO2	 core/shell
structure	compared	with	uncoated	ZnO	nanoparticles.	The	TiO2	coating	reduces	toxicity	by	decreasing	the	release	of	zinc	ions,	also	restricting	the	contact	area	of	the	ZnO	cores	with	the	cell.	Luo	et	al.	[149]	applied	polyethylene	glycol
coating	on	ZnO	nanoparticles	 and	 reduced	 the	 cytotoxicity	 of	ZnO	nanoparticles.	These	 findings	bespeak	 the	 important	 role	 of	 the	 surface	properties	 of	ZnO	nanoparticles	 on	 their	 cytotoxicity.	Despite	 these	 studies,	 the	 toxicity




















applications	to	serve	nature	and	the	ecosystem.	 In	this	section,	some	of	 the	well-established	environmental	applications	of	polymeric	nanocomposites	 that	ease	and	protect	human	 life,	save	the	environment,	and







package.	 Over	 the	 last	 few	 decades,	 the	 utilization	 of	 polymers	 for	 food	 packaging	 has	 increased	 greatly	 because	 of	 their	 superior	 properties	 such	 as	 functionality,	 light	 weight,	 ease	 of	 processing,	 variety,	 and	 low	 cost	 over
other	traditional	materials	(metals,	ceramics,	and	paper).	However,	pristine	polymer-based	packaging	does	not	satisfy	industry	needs	for	a	packaging	that	provides	the	capability	to	keep	the	packaged	materials	for	a	longer	time.	To
address	the	mentioned	limitations,	polymeric	nanocomposites	prepared	by	functionalized	nanoparticles	provide	an	opportunity	to	produce	the	next-generation	food	packaging.	Polymer	nanocomposite–based	packaging	material	shows

































petroleum	 chemicals,	 and	 fuel	 production	 [184,185].	 Polymeric	 membranes	 technology	 is	 an	 attractive	 alternative	 to	 inorganic	 membrane	 equivalents	 because	 of	 their	 high	 flexibility,	 low	 energy	 requirements,	 relatively	 low
preparation	cost,	and	environmental	 friendliness	[186,187].	However,	application	of	polymeric	membranes	 is	 facing	several	challenges	regarding	their	mechanical	performance,	 thermal	stability,	permeability,	and	selectivity	 [188].
Nanomodifications	 and	utilization	of	 nanoparticles	 on	 the	polymeric	 structures	 are	 considered	as	 an	 effective	way	 to	 address	 the	mentioned	 challenges	 to	produce	membranes	with	higher	 reliability.	 These	nanoparticle	modified
membranes	 are	 categorized	 into	 four	 distinct	 categories,	 namely,	 conventional	 nanocomposites,	 thin-film	 nanocomposites,	 thin-film	 composites	 with	 nanocomposite	 substrate,	 and	 surface	 located	 nanocomposites;	 these	 are





























Py:CNT	composite	 in	 the	 range	of	0–9000	mbar	pressure	 at	 room	 temperature	 indicating	 that	 pristine	CNT,	PPy,	 oxCNT,	 and	Py:CNT	adsorb	0.46,	 0.14,	 1.03,	 and	1.66	wt.%	hydrogen,	 respectively	 bespeaking	 that	 the	 hydrogen
storage	properties	of	the	produced	nanocomposites	are	considerably	higher	than	the	individual	components.


















































































































































































































































































































































Therefore,	 it	 is	 necessary	 for	 research	 and	 industrial	 communities	 to	 engage	 in	 nanotoxicological	 research,	 risk	 assessment	 protocol	 development,	 and	 safe	 handling	 guidelines	 preparation	 to	minimize	 the
environmental	consequences	of	nanoparticles.	This	chapter	will	focus	on	the	environmental	effects	of	nanomaterials,	nanotoxicology,	and	their	novel	and	innovative	environmentally	friendly	applications.
Key	words:	Nanoparticles;	polymeric	nanocomposites;	nanotoxicology;	environment;	nanocomposites	application.
